and cat (26) substantiated these conclusions.
The former studies more directly indicated that a given frequency band was represented in the primary auditory cortex along a dorsoventral band crossing the auditory field. Evokedpotential studies in the auditory cortex in other species were consistent with the existence of a systematic representation of the cochlea within the primary auditory field (4, 19, 32, 33, 57, 58, 64 (2, 21, 37, 46, 47, 53) .
It is thus surprising that quite a different view of the organization of AI has arisen from microelectrode studies of the auditory cortex in the cat directed toward resolution of this very issue. In the earliest microelectrode study of the auditory cortex in the cat by Erulkar, Rose, and Davies (14) , units in a small cortical region having widely different best frequencies were described. Later, more extensive unit experiments by Hind and co-workers (27) suggested a correlation between unit best frequency and anterior-posterior locus in AI from data pooled from many animals. Subsequent microelectrode-mapping studies failed to find any strong correlation between best frequency and cortical position in AI when they analyzed data combined from many animals (15, 17, 18, 22 * ""'-;-... of the highest-banks of the posterior ectosylvian sulcus. frequency octaves. It would be of interest These data also allow us to compare the to extend these curves down through the representation of the cochlea within AI in lowest octaves; however, it has been im-different cats. To facilitate this comparison, possible to derive such data because of best-fit curves from Fig. 6 have been plotted difficulties in determining the planes of in Fig. 7A derived for experiments represented in curves A, B, and C are virtually identical. The change in best frequency as a function of distance across the cortical surface appears to be somewhat different in the cat represented by curve Dr.
"Cochleotopic" organization of primary auditory cortex A question of basic interest is how the cochlea projects onto the primary cortical field. The cochleotopic organization was determined by converting best-frequency values to corresponding cochlear place values using the function of Greenwood (24, 25) .
This conversion was made for data from the maps in Fig. 1 (also represented in curves B and C in Fig. 6 ) and is shown in Fig. 7l3 . Frequency is an almost perfectly logarithmic function of cochlear place across the basal two-thirds of the basilar and therefore the forms of the mary field; that the cortical belt representcurves are similar to those seen in Fig. 6B ing a given sector of the cochlear partition and C.
is of relatively constant width across the It is evident from these curves that a field; and that cortical belts representing sector of the basilar partition of given the most basal equal-length sectors of the length is represented across a nearly cochlear partition are somewhat wider than straight belt of cortex that crosses the prithose representing more apical sectors, (A schematic illustration of the "tonotopic" and cochleotopic organization of AI is shown in Fig. 10 .)
Variation of best frequency as a function of cortical depth in AI
The variation of best frequency in depth for penetrations not near sulci was evaluated by determining best frequency at each of two to seven depths through the 500-800 pm of active cortical zone. Results from 163 such penetrations directed into AI on an axis normal to the surface are summarized in Table 1 . Best-frequency determinations were made at points along the penetration separated by at least 100 ym to insure that different neurons were being studied at each penetration depth. As shown in Table 1 , the fractional bandwidth ((Highest -Lvest) /Lvest) representing the total range of best frequencies encountered within these 163 penetrations was less than 0.1 in about 90% of all cases; it never exceeded 0.3. It should be noted that in all of these 163 penetrations, the mean best frequency was 1.3 kHz or higher, as the lowest frequencies in most cats are represented within the cortical region on the banks of, or immediately adjacent to, the posterior ectosylvian sulcus.
Penetrations down the rostra1 bank of the posterior ectosylvian sulcus passed through the active cortical layers for comparatively long distances (up to 4 mm). In every such penetration (Figs. 2, 3 the experiment illustrated in Fig. 3 and six penetrations (G-K) in the experiment illustrated in Fig. 4 (Fig. 5) .
Location of primary field in relation to cortical surface landmarks A significant variation in the location of the primary auditory field as defined by cortical surface landmarks was observed in these experiments.
Surface landmarks in the auditory region appeared to be unique to each cat. Thus, the cortical gyral pattern can only serve as a loose reference for the actual location of AI in any given cat.
The individual variation in brain sulci in the auditory cortical region is evident with examination of the brain insets in Figs. l-5 and 8 and in Fig. 9 , in which the lateral surface views of eight cat brains are shown. In 26 cats examined, the following differences in surface landmarks were found. 1) The width of the middle of the anterior ectosylvian gyrus was highly variable (1.2-5.0 mm); in some cats it joined the suprasylvian sulcus directly, or via a connecting sulcus (Fig. 9E) ; in other cats, it was never nearer than 4-5 mm to the suprasylvian sulcus (Fig. SC) . In one cat, there was no anterior ectosylvian sulcus, and hence no anterior ectosylvian gyrus.
2) The width of the dorsal aspect of the middle ectosylvian gyrus varied from 4.5 to 8.8 mm (e.g., compare insets in Fig. 8B  and C). 3) The top of the posterior ectosylvian sulcus turned caudalward, or rostralward (Fig. 9D) , at a variable distance from the suprasylvian sulcus (3.8-5.8 mm). It often split into two, three, or four shallow (9C) or deep (9E, F, G) branches. In two cats, the top of the sulcus was roughly C shaped (Fig. 80, inset) .
The gyral pattern in the cortex of the cat shown in Fig. 9G It is not surprising, then, that the physiologically defined location of the primary field varies in relation to anatomical landmarks. For example, the rostra1 boundary of AI was found to lie in the middle of the middle ectosylvian gyrus, within the anterior ectosylvian sulcus, or even rostra1 to the anterior ectosylvian sulcus in different cats. Similarly, the 5-kHz line of representation lay in the middle of the middle ectosylvian gyrus in some cats (Fig. 8C) , near the crest or within the rostra1 bank of the posterior ectosylvian sulcus in other cats (Fig. 8A, B) , and along the caudal bank of the posterior ectosylvian sulcus in yet other animals (Fig. 8C) . Best frequencies varying from 1 to 12 kHz were encountered in corresponding locations at the top of the posterior ectosylvian gyrus in different cats (see Fig. 8C, D) . Thus, for example, the area within or caudal to the posterior ectosylvian sulcus may contain only a very small sector of AI (Fig* 8B, C) , about one-third of AI (Figs. 2, 3 , 5, 84 8B) or almost half of AI (Fig. SD) .
The location of secondary auditory cortical fields also cannot be accurately referenced by cortical surface landmarks. For example, the best frequency encountered within the rostra1 field at the top of the anterior ectosylvian sulcus was about 900 HZ in the cat shown in Fig. 8D . At the corresponding location in the cat shown in Fig. 5 Fig. IO (left) . In this illustration, the rostra1 aspect of AI is to the left; divisions on the axes are millimeters.
The line of representation of any given frequency runs on a straight axis across the field. Any given frequency band (octave bands are illustrated)
is represented across a straight cortical belt of nearly constant width across AI. The higher in frequency the represented octave, the greater the surface area of representation.
Again, it has not been possible to determine the pattern of representation of the lowest five octaves (occupyin g the most apical quarter of the basilar partition).
The Most, if not all, neurons of the primary field derive input from both ears, and their response properties in this and other respects can be complex (1, 5-8, 18, 23, 27, 50 18.
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